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1 Introduction
In 3GPP RAN1#56 meetings, Type 1 Relay has been chosen as relay type in LTE-Advanced [1] at least to be studied. For Type 1 Relay, the resources between access link and backhaul link are TDM, it means that the subframes on which backhaul link transmission are configured cannot be used by R-UEs (UEs severed by Relay) to communicate with relay node (RN). These subframes are set to be MBSFN subframes on DL from UEs’ perspective [2], which do not contain any MBSFN data that R-UEs need. It makes possible for RN to transmit necessary control information to R-UEs, and implement backhaul DL transmission without awareness of R-UE.

Several contributions[3,4,5] discussed about control channel of backhaul link and gave some practicable solutions. The eNB may indicate the configuration of DL backhaul resources to RN in static or semi-static way by special backhaul control information or scheduling. This contribution discusses and presents some detail schemes of indication for the UL backhaul resources configuration of TDD and FDD system.
2 Discussion
For UL backhaul resources configuration, some items should be considered carefully as listed below:
· Impact on access uplink
Due to the self interference between the receiver and transmitter of RN, it can not transmit and receive simultaneously in the same frequency band. This leads to the TDM between backhaul and access link, and the restrictions on access uplink scheduling. The subframe on which UL backhaul transmission are configured, RN may not receive the uplink signal which includes PUCCH and HARQ retransmission from R-UE correctly. In other words, configuration of UL backhaul resources has some concernful effect on access uplink transmission.    
· UL backhaul resources requirement
As a “special UE”, RN also receives or transmits data on the configured resources by eNB. It means that eNB should configure suitable resources for DL and UL backhaul in order to satisfy the resource requirement of RN that is determined by the number of R-UEs, channel quality, and some other factors. Apparently, a resource configuration that does not satisfy those resource constraints would cause waste, while insufficient resources configuration may impact not only on RN, but also on R-UEs. Not only the quantity but also the timing or periodicity should be taken into account on UL backhaul resource configuration.

The two bullet items discussed above should be considered in order to get an effective, sufficient and appropriate UL backhaul resource configuration.
2.1 Pairing Uplink with Downlink for Backhaul Transmission
In FDD system, the subframe n configured for DL backhaul transmission, and then on this subframe RN would transmit necessary control information, but not PDSCH to R-UEs on access link, while it receives signal from eNB on backhaul link. Since there is no PDSCH for R-UEs on subframe n, R-UEs would not give the ACK/NACK on subframe n+4 to RN. Therefore, configuring subframe n+4 to be used for UL backhaul transmission should avoid the conflict with access uplink feedback information. In TDD system, the condition is almost the same. The difference from FDD system is that the subframe appropriate to be configured for UL backhaul transmission on which no ACK/NACK from R-UEs may not the subframe n+4, it should be the correlative subframe n+k according to TDD UL/DL configuration.  
Based on the discussion above, the configuration of UL backhaul may use a pairing scheme. It means when subframe n is configured for DL backhaul, the subframe n+4 in FDD and subframe n+k in TDD may used for UL backhaul. In other words, the subframe used for RN to send signals to eNB should be paired with the subframe for DL backhaul transmission.
For FDD, Figure 1 shows an example where Subframe #1 is configured to be used for DL backhaul transmission, and this subframe would be configured as a MBSFN subframe from the perspective of R-UEs. RN sends PDCCH on Subframe #1and switches to the receiving mode after some time gap. Since RN would not send PDSCH to R-UEs on subframe #1, and then on subframe #5 R-UEs have no ACK/NACK to RN, while PUSCH may be avoided with no scheduling of access uplink by RN. Configuring subframe #5 for UL backhaul can avoid the potential conflict on UL access ACK/NACK, while on other subframes there may be some R-UEs ACK/NACK information which may not be received correctly by RN if this subframe is configured for UL backhaul transmission.   
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Figure 1: Pairing Uplink with Downlink for Backhaul in FDD 
For TDD, take the UL/DL configuration 1 as an example, as shown in Figure 2. The eNB configures Subframe #9 of radio frame m used for DL backhaul transmission, and this subframe would be configured as a MBSFN subframe from the perspective of R-UEs. RN sends PDCCH on Subframe #9 and receives signal from eNB. For TDD configuration 1, when UE receives signal on Subframe #9, the correlative ACK/NACK should be send on Subframe #3 of the next radio frame. Since RN would not send PDSCH to R-UEs on Subframe #9, and then on Subframe #3 of radio frame m+1 R-UEs have no ACK/NACK to RN. Configuring #3 subframe of m+1 radio frame for UL backhaul can avoid the resource conflict with access link ACK/NACK. 
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 Figure 2: Pairing Uplink with Downlink for Backhaul in TDD 
The benefits of this pairing scheme may be limited in TDD system, as one uplink subframe usually contains the ACK/NACK of more than one downlink subframes. Although, configuring the pairing subframe used for UL backhaul could avoid the ACK/NACK of the subframe assigned as DL backhaul, the other ACK/NACK beard on this paring subframe related with other DL subframes which are not used for backhaul may not be received by RN correctly. Thus the low cost of pairing scheme may be a main advantage in TDD.
In general, pairing scheme makes the subframe used for UL backhaul pair with the subframe of DL backhaul transmission. It configures the subframe on which no R-UEs ACK/NACK beard because the correlative PDSCH is set blank. In other words, the interrelation between downlink and uplink resources of backhaul should be in the same way as the one of downlink transmission and related ACK/NACK of UEs. The most obvious merit of pairing scheme is to avoid the interference to UL access ACK/NACK that may be caused by UL backhaul transmission. Meanwhile, thanks to the pairing relation it needs less backhaul control cost to indicate RN about the uplink resources configuration. On the other hand, the shortage of pairing scheme is the limited configuration flexibility. 
2.2 Dynamic Configuration 
In order to obtain more flexibility of UL backhaul resources configuration, dynamic configuration scheme may be considered.
Dynamic configuration scheme is like the scheduling of normal UE by eNB. The eNB gives some explicit indicator of UL backhaul resources configuration to RN in control signal based on the resources requirement. And then RN implements UL backhaul transmission under the indication of eNB. 
The eNB may configure UL backhaul resources based on the consideration of the buffer status in RN, channel quality between eNB and RN, scheduling equity and some other factors, and then send Backhaul-UL Grant (simple for B-UL Grant below) to RN in backhaul control signal which contains some special indicator besides the ones of a normal UL Grant from eNB to UE. The special indicator presents the subframes configured for UL backhaul, for example, the subframe number etc.

An example is presented in figure 3, eNB gives the special indicator as P (position) to direct RN the subframe configured for UL backhaul transmission, P shows the subframe number. 
RN’s buffer status report shows high and urgency resources requirement, then eNB sent the backhaul control signal on subframe #1, and P included in B-UL Grant is set to subframe #7 and #8. RN implements UL backhaul transmission on both subframe #7 and #8 after receiving the B-UL Grant.
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Figure 3: Dynamic Configuration for UL backhaul with P 
Dynamic configuration scheme is most flexible. eNB could consider about many factors such as buffer status and delay limitation, to configure appropriate resources for UL backhaul..  
2.3 Hybrid scheme
Hybrid scheme is a compromised method of pairing scheme and dynamic configuration. First, it has the same relationship between downlink and uplink backhaul resources as paring scheme, and introduces an odditional indicator for more direction. The hybrid scheme may implement as: 
When eNB configures the UL backhaul resources on the pairing subframe using a control format without odditional indicator, it means RN should implement UL backhaul transmission on the pairing subframe; 
When eNB configures the UL backhaul resource using a control format with the odditional indicator is set to some explicit value, RN should re-find the subframe which used for UL backhaul transmission based the odditional indicator. 
The odditional indicator may use P to direct the subframe number as dynamic configuration scheme, or use O to direct an offset based on the related pairing subframe, etc. 
Here using the O for example to describe more details of hybrid scheme.
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Figure 4: Example of Hybrid method in FDD system 
For FDD, example is depicted in figure 4. Pairing relationship is set as uplink resources should be 4ms later of DL backhaul transmission. In figure 4, DL backhaul transmission is configured on subframe #1, and eNB set the O as odditional indicator for RN. If eNB configures RN without O, RN would implement UL backhaul transmission on the pairing subframe -- #5 . When eNB set O = 2, it indicates the subframe 2ms later of the pairing subframe to be used for UL backhaul, RN gets the indicator and propagate signals to eNB on subframe #7.
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 Figure 5: Example of Hybrid method in TDD system 
For TDD, take the UL/DL configuration 6 as an example, shows in figure 5. For TDD configuration 6, when UE receives signal on subframe #9, the correlative ACK/NACK should be send on subframe #4 of the next radio frame. Thus, pairing relationship is set as uplink resources should be on subframe #4  of DL backhaul transmission on subframe #9 of the before radio frame. In figure 5, DL backhaul transmission is configured on subframe #9 of radio frame m, and eNB set the O as odditional indicator for RN. If eNB configures RN without O, RN would implement UL backhaul transmission on the pairing subframe -- #4 of radio frame m+1 . When eNB set O = -1, it indicates the subframe 1ms before the pairing subframe to be used for UL backhaul, RN gets the indicator and propagate signals to eNB on subframe #3 of radio frame m+1.

Based on pairing and odditional indication, hybrid scheme holds the advantage both of pairing scheme and dynamic configuration, provides flexibility of UL backhaul configuration by using odditional indication and needs no more control cost than pairing scheme when the pairing subframe is available. Hybrid scheme provides certain flexibility with low cost. On one hand, hybrid scheme can indicate RN to implement UL backhaul transmission on pairing subframe without odditional indication and avoid the interference on UL access ACK/NACK, on the other hand, it can using odditional indicator to make RN change the subframe to bear the UL backhaul signal for some special resources requirement, for example, when some accidental or imperative resource of UL backhaul is required, such as some UL backhaul control or data signals in urgency or pairing subframes do not available, eNB could use odditional indicator to configure another subframe for UL backhaul. The shortage of hybrid scheme is more than one kinds of control format may increase the times of blind detection.     
3. Conclusion
This contribution discussed the schemes of UL backhaul resources configuration and indication. 
Three schemes were presented as below:

· Pairing Uplink with Downlink
pros.  less control cost, avoid interference on UL access ACK/NACK
cons.  less flexibility
· Dynamic configuration
pros.  sufficient flexibility, adaptive for resources requirement
cons.  more control cost, configure complexity
· Hybrid method
pros.  limited control cost and a certain flexibility
cons.  more times of blind detection
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